Summary.
Tooth germ derived from the mandible of newborn mice was used in this study.
The enamel organs were dissected and attached directly to coverslips without using the plasma clot. By this method it was possible, for the first time as far as is known, to attain preparations in which the major part of the outgrowth from the explant consisted purely of epithelial-like cells which probably were ameloblasts. Abundant desmosomes and tonofilaments were confirmed by transmission electron microscopy. Under the scanning electron microscope this outgrowth of epithelial cells revealed characteristic intercellular connections which were divided into four types. 1) In the part nearest to the explant, cell boundaries were indicated with a large number of short microvilli.
2) In the zone beyond the first type, the intercellular connection was represented by bridge-like processes firmly combined with each other.
3) In a still further zone, the tips of bridge-like processes were free from the cell connection and extended to the adjacent cells with the advance of cell migration. 4) In the most peripheral part of the explant, the cytoplasmic processes were capable of further expansion. These cells were soon separated from the adjacent cells to migrate as free cells.
During recent years tissue culture techniques have been widely used as models for varieties of biological investigations. Many research workers in various fields of developmental studies of tooth germ have used the transplant method or the organ culture method in analyzing the processes of its growth and differentiation. However, neither method is suitable for long-term or serial observations on cellular components of tooth germ.
Tooth germ originates from the ectodermal and mesodermal components, i.e., the enamel organ and dental papilla. Therefore, many workers are trying to establish a single cell population from tooth germ in order to study the correlation between the elements of both origins. In spite of these attempts, nobody has as yet been successful in the establishment of a single cell population of tooth germ. Moreover, the detailed behavior of cell migration from the explants has been left unsolved to the present time.
This paper deals with the scanning electron microscopic observations of the enamel epithelial-like cells derived from tooth germ explants, with special reference to their intercellular connections.
Materials and Methods
Molar tooth germ was dissected from mandibles of newborn mice (BALB/c) under a dissecting microscope. The tissues were stored and washed in Hanks' bal-rated from the dental sac and dental papilla as completely as possible and was culby means of air-drying without using the plasma clot. It was placed in a Petri dish and was covered with a medium consisting of Eagle's MEM (Nissan) supplemented with 20% calf serum and kanamycine. The culture dishes containing the specimens were then incubated in a CO2 inor two weeks of cultivation, the coverslips were fixed for 1hr with 2.5%, glutaraldehyde (in cacodylate buffer, at pH 7.3), rinsed in the buffer several times and further fixed for 1hr with 1% osmium tetroxide (in cacodylate buffer). The specimens were rinsed in the buffer several times, dehydrated in graded ethanol series and amyl acetate and allowed to dry by the CO2 critical point drying method. Then they were coated in vacuum with gold, and were examined with a Hitachi HSM-2B type scanning electron microscope operated at 20kV. Some specimens which were cultured on millipore filters were embedded in Epon 812 for transmission electron microscopy.
Results
The outgrowth of cells migrating from the explants occurred during a period of from 4 to 7 days after the planting.
In general, tooth germ which was explanted by the use of the plasma clot method exhibited both epithelial and fibroblastic cells which arose from the explants.
However, cells from the explants attached to coverslips without using the plasma clot almost exculsively consisted of epithelial-like cells. These epithelial-like cells were polygonal in shape and tightly packed (Fig. 1) . Figure 2 shows the scanning electron micrograph of these epithelial-like cells. The low left corner is the explant side and the upper right corner is the peripheral side. Figures 3 and 4 show a higher magnification of both sides shown in Figure 2 . Figure  3 shows the part close to the explant (Zone I in Fig. 9 ), which is the site of the initiation of cell movement away from the explant. The cell boundaries exhibited the short crowded microvilli.
These microvilli are 100-150nm in width and are short in the part close to the explant.
As the cells moved more externally, the intercellular spaces widened, and intercellular connections were indicated by the thick cytoplasmic processes (bridgelike) which combined firmly with each other (Fig. 4 , Zone II in Fig. 9 ).
With the advance of migration and the time of cultivation, the tips of thick cytoplasmic processes forked into branches which were as wide as microvilli. Later these tips parted from the cell connections and extended the slender cytoplasmic projections on other cell surfaces (Fig. 5 , Zone III in Fig. 9 ).
In the terminal zone of the explant outgrowth, the cytoplasmic processes in cell peripheries were more extensive than in the inner zones. These cells were about to separate and to be set free from the population of migrating cells (Fig. 6 , Zones IV and V in Fig. 9) .
From the general viewpoint of tissue culture, all emigrated cells from explant do not always adjust to the change of the culture conditions. It appears that cells which are not fitted for their environment degenerate.
On the other hand, there were numerous microvilli on the cell surfaces and slender cytoplasmic processes in the cell periphery when the cells adapted to the culture conditions (Fig. 6-7) . These microvilli and slender cytoplasmic processes have a tendency to increase in order from zone I to V. As their adaptation proceeded Figure 9 separate from the joints and stretch their processes on another cell sur- Fig. 6 . The terminal portion of the explant which corresponds to zone IV as shown in Figure  9 . The peripheral processes spread well and these cells are about to separate from further, the microvilli on the cell surfaces extended and then these cells acquired an active state in their environment initiating movement by themselves (Fig. 6 , Zone V in Fig. 9 ). Figure 8 shows the transmission electron micrograph of a horizontal section of the cultivated monolayer cells which correspond to zone I in Figure 9 . The cells contain numerous tonofilaments in the cytoplasm and the cell boundaries reveal many desmosomes. From the above results, it seems reasonable to judge that the epitheliallike cells which migrated from the explant in the present study are actually epithelial in nature.
Discussion
Transplantation of isolated constituents of tooth germ was first attempted by HUGGINS, MCCARROL and DAHLBERG (1934) in the dog. The isolated epithelial layer of canine tooth germ did not form any new enamel, but the isolated dental papilla produced dentin 14 days after homoplastic transplantation into the connective tissue of the abdominal wall or thigh of the dog. On the other hand, HAHN (1941) transplanted the enamel organ of the dog into the ovary and found that the enamel failed to maintain its cellular pattern and that it survived as a stratified epithelium. PINKERTON and BOYDE (1935) observed cultured tooth germs of newborn kittens for the first time. LEFKOWITZ; MARDFIN and BODECKER (1954) cultivated rat molar tooth germs (both undissected and dissected) from 18-20 day embryos.
In all those experiments there was an unorganized outgrowth of cells from the explants, which consisted of fibroblasts or a mixture of fibroblasts and squamous epithelium.
These investigations concerning cultured tooth germs were restricted mainly to the observation of the development and differentiation of the explant, while little attention was paid to the behavior of the newly developing cells. The explants used were mostly whole germs or at least they were composed of several components of the germ. It appears that isolation of the constituent of the enamel organ has up to now never been carried out in tissue culture or in transplantation experiment. Therefore it has been impossible to identify precisely the origin of the newly developing cells. NIIZIMA (1956) observed the behavior of the outgrowing cells and the enamel epithelium from cultured tooth germs by means of light microscopy.
He reported intercellular bridges and epithelial cell migration but he paid no attention to detailed structures with regard to the epithelial cells. In the present experiment, when tooth germ separated from the dental sac and the dental papilla was cultivated by the explant method without the plasma clot, the greater number of the cells migrating from the explant were epithelial-like cells. These epithelial-like cells have a strong resemblance to the enamel epithelium observed by NIIZIMA (1956) who reported that, in culture, both inner and outer enamel epithelia gave rise to squamous epithelial cells forming a specialized kind of intercellular bridges.
It appears that the present method of culturing microdissected tissue without the plasma clot is an effective measure to obtain the development of ameloblasts.
If the cells described in this study are ameloblasts, which is most likely though not yet confirmed, it should be possible to observe the activities of these cells directly, especially the process of enamel secretion.
Many studies have been concerned with the microvilli of cultivated cells. Microvilli apparently have various functions relating to an increase in the surface area. Besides, some microvilli seem to be the sites of receptors.
In spite of much discussion in literature we have not well understood the function of microvilli in cultured cells until now.
In our study, a small qauntity of microvilli was noted on the surface of the explant, but these microvilli had a tendency to increase in number and size according to the distance from the explant. At the same time, the cytoplasmic processes in the cell periphery were increased and cell connections were separated when the cells became migrating.
From these results, it appears that an increase in microvilli and a separation of the cell connections in cultured cells are adaptation phenomena which are closely related to the culture environments.
